ABSTRACT Walking outdoors is often difficult or impossible for many seniors and people with disabilities during winter. We present a novel approach for conducting winter accessibility evaluations of commonly used pedestrian facilities, including sidewalks, street crossings, curb ramps (curb cuts and dropped curbs), outdoor stairs and ramps, building and transit entrances, bus stops, and driveways. A total of 183 individuals, aged 18-85 completed our survey. The results show that cold weather itself had little impact on the frequency of outdoor excursions among middle-aged and older adults while the presence of snow and/or ice on the ground noticeably kept people, especially older adults at home. The survey found that the key elements decreasing winter accessibility were icy sidewalks and puddles at street crossings and curb ramps. While communities have recognized the need to improve snow and ice removal, little attention has been paid to curb ramp design which is especially ineffective in winter when the bottom of the ramps pool with rain, snow, and ice, making it hazardous and inaccessible to nearly all users. We conclude that investigations of alternative designs of curb ramp are needed.
INTRODUCTION
The study of the effect of weather on pedestrian accessibility is limited and sometimes neglected. 1, 2 Several studies indicate that most outdoor falls occur on sidewalks, curbs, and streets, 3 and the largest proportion of falls take place during the winter months. 4 Icy surfaces are one of the most cited factors that lead to falls. 5 Few studies have been done to investigate pedestrians' perception of how the winter weather changes a normally accessible route to an inaccessible one. Several studies among adults report that poor weather is perceived as a barrier to physical activity [6] [7] [8] [9] [10] and that daily physical activity levels decrease as ambient temperature drops and also decrease with rain and snowfall. 11, 12 People with functional limitations reported that curb ramps become particularly hazardous in winter. [13] [14] [15] A prime indicator of the accessibility of an architectural environment is the degree to which the environment enables the performance of relevant activities by its users. An architectural environment that complies with the 7 Principles of Universal Design should enable comparable activity performance by all its users regardless of the users' functional limitations in all weather conditions.
A growing body of research in public health pays attention to environmental factors as they correlate to physical activity, participation, and accessibility. [17] [18] [19] There are numerous different scientific approaches to the study and measurement of environmental factors ranging from experimental manipulation of the environment in randomized controlled trials to questionnaires on subjective experiences of environmental barriers to participation. 20 Questionnaires that ask people with disabilities about environmental barriers and facilitators are probably the instruments known best in the area of human functioning and disability research. When one asks for barriers or facilitators, the environment-functioning interaction is directly addressed. Several measures have been used to assess the influence of various environmental features on the participation of people with disabilities. However, only a few of the instruments included weather and climate as environmental factors and examined their influence on participation and accessibility, such as the Craig Hospital Inventory of Environmental Factors (CHIEF) 21 and the Measure of the Quality of the Environment (MQE). 22, 23 The CHIEF measure revealed the most commonly identified barriers for both people with disabilities and those without disabilities; the number one barrier was weather. 21 The MQE asked to what extent the winter climatic conditions (snow, ice, cold, etc.) or summer climatic conditions (heat, humidity, rain, etc.) as well as the sidewalk and intersection accessibility in the summer or winter influence people's daily life. 23 Boucher et al. used the MQE and found that intersection accessibility was rated as an obstacle in the winter but as a facilitator in the summer by most users. 23 Therefore, it is important to identify built environment and natural features that cause the most problems for accessibility in winter conditions not only at intersections but also at other pedestrian facilities. The purpose of this study was to develop a questionnaire to gather information about different age groups, explore winter-related accessibility issues, assess the impact of adverse weather, assess the performance of pedestrian facilities, and identify facilities and features that need to be improved and enhanced as high priority needs.
METHODS

Sampling Procedure
The purpose of sampling in this study was to make comparisons across three age groups: young (between 18 and 34 years), middle aged (between 35 and 59 years), and older (960 years) as well as between people with and without functional limitations (mobility, hearing, and/or vision limitations). The goal of universal design is to address the needs of a wide variety of people. As such, people with specific functional limitations can be viewed as "reference users." Meeting the needs of these reference users can effectively meet the needs of everyone else. The intent was to understand the priorities and what effectiveness means for people with functional limitations, not to generalize to the whole population.
The sample was a convenience sample and participants from diverse geographical and socio-economic contexts were recruited using a hybrid sampling method: (1) a survey invitation was sent to all employees of the Toronto Rehabilitation Institute (TRI); (2) an invitation letter was posted on an online daily news blog called Spacing Toronto; (3) an invitation flyer and a print version of the web survey was posted at five community centers across the City of Toronto to recruit community-dwelling older people. In all, 261 people responded to the survey over a 2-month period (March-April 2008). Of those who responded, 74 people were excluded because of a lack of response on the functional limitation and/or winter outdoor experience measures. Furthermore, four respondents were not included in the analysis since they lived outside the Greater Toronto Area (based on postal code). The total sample size analyzed was 183 of which 69 responses were obtained from the TRI site, 96 from Spacing Toronto, and 18 from the community centers.
Questionnaire Development A web-based survey (print version was provided upon request) was used to identify priority needs for increased accessibility and usability of pedestrian facilities in the winter. Features causing the most problems that related to winter conditions were identified as high priority needs that became the focus of further study. The questionnaire study was approved by the Toronto Rehabilitation Institute Research Ethics Board.
A literature review performed prior to this study failed to identify any previously tested instrument for assessment of perceived winter accessibility. As such, a new survey questionnaire had to be developed. The core part of the questionnaire concerning outdoor locations, perceived problems, and winter coping strategies were identified based on a qualitative study using observation and interview with six older people (60 years and older). A more traditional part of the questionnaire covered basic demographics as well as aspects of health (self-reporting of functional limitations) according to Steinfeld 24 and Danford et al.. 25 The questionnaire was developed over a period of 3 months and went through an iterative revision process. The final questionnaire comprised 31 structured questions and five open-ended questions. The questions were classified into three categories:
General information: This part contains questions on age group, gender, household income group, residential environment, and postal code. Participants were also asked to estimate the weekly frequency of outdoor excursions in a typical autumn week and in a winter week with or without snow/ice on the ground. These three conditions were chosen because they represent a relatively comfortable (autumn), a less comfortable (winter without snow/ice on the ground), and a difficult (winter with snow/ice on the ground) time to be outdoors in Toronto. Six response alternatives were given, ranging from 10"rarely" to 60"more than one time/day". Functional limitations: This part contains 11 questions on functional limitation measures. The initial concept of the functional limitation measures came from The Enabler, which is described in Steinfeld's "Access to the Built Environment: A Review of the Literature". 24 The Enabler concept illustrated 15 different disability concerns that should be considered in design. Danford and his colleagues at University at Buffalo then developed a set of questions on sensory or functional conditions (e.g., limitations in mobility, vision, hearing, cognition, etc.) and how often each condition affects performance of routine activities. 25 Then they hired 13 independent consultants with a variety of impairments to review and validate the functional limitation measures. The input received during this consultation has helped Maisel and her colleagues refine the questions and specifically made them change the language from "limitations" to "conditions" within the survey (Jordana Maisel, personal communication). Functional limitation was subjectively assessed in the questionnaire by asking the respondents how often various mobility, hearing, or sight conditions affect their ability to perform routine activities. The respondents were asked to rate the frequency on a three-point scale (10"always", 20"sometimes" to 30"never"). The mobility, hearing, or sight condition could be due to a permanent circumstance or temporary injury or circumstance (e.g., a broken leg or pregnancy). A person is considered to have a functional limitation if he/she responded "always" or "sometimes" to any of the conditions. The respondents were asked to indicate one limitation which most affected their ability with the response alternatives "mobility", "hearing", and "sight". Concerning reliance on assistive devices, the respondents were asked: "What assistance and/or assistive devices do you use outside in the winter?" The response alternatives were: "I do not use any assistive aids", "cane/crutches", "wheelchair", "scooter", and "hearing aid", and it was possible for the respondents to report use of more than one assistive device or to fill in "other" devices not listed. Experiences in getting around outdoors in the winter and winter coping strategies:
This is the core part of the questionnaire and was developed based on a qualitative study with six older people (60 years and older) who were not part of the study sample. All six participants reported having various functional limitations and going outdoors in the winter at least twice a week. Each participant first took part in an observation session, then an interview session. During the observation session, the participant took a walk (approximately 45 min long) on a familiar, self-chosen route, for example, from their home to the local senior center, together with an observer. During the walk, the participant was systematically observed and any critical incidents (such as slips, trips, or falls) occurring was recorded either through the observer's annotations or by the participant's own remarks. The participant was also encouraged to recall any incidents (such as a pedestrian facility obstructed by snow or ice) that occurred in the last three winters. Afterwards, the walk was further discussed with the participant during an interview consisting of the following themes:
Outdoor locations that are challenging or problematic in the winter Specific incidents/problems at the identified locations and ideas on changes/ improvements Strategies that they use to manage the winter, changes in outdoor travel habits over the years and reasons for such changes
The qualitative information was transcribed and analyzed with content analysis in order to find general patterns and to categorize identified problematic locations (pedestrian facilities), problems perceived at each locations, and winter coping strategies. It resulted in nine outdoor locations, six perceived problems, and eight winter coping strategies. After these items were discussed among the expert committee and the healthcare professionals, 23 items were worded into questions forming a pilot questionnaire. In order to strengthen the validity and reliability of the pilot questionnaire, it was tested on another three older people who were not part of the study sample. Potential misunderstandings were found for two questions which were reworded. The final core part of the questionnaire comprised 13 structured questions and three open-ended questions.
In this part of the questionnaire, participants rated their overall perception of the outdoor environment in the winter by answering the following question: "Do you have any problems getting around outdoors (walking, or using wheelchairs or scooters, etc.) in the winter?" with the response alternatives "yes" and "no". In addition, the respondents were asked to state the problems perceived at nine specific outdoor locations. The nine outdoor locations were sidewalks, street crossings, curb ramps, outdoor stairs and ramps, building or transit entrances, bus stops, roads without sidewalks, and driveways. The response alternatives for each location were: "I do not use this location in the winter", "I have never experienced any problems at this location during the winter", "icy surface", "snowy/slushy surface", "snow bank", "puddle", "splashed by passing automobiles", and "reduced visibility". Respondents could choose more than one item for each location and fill in "Other" perceived problems not listed. Then the respondents were asked to indicate one location which caused the greatest concern in the winter. With respect to preferred coping strategies, the respondents were asked: "How do you manage the problems you have getting around outdoors in the winter?" The response alternatives were: "stay home", "go out less", "be more careful", "avoid the area/location", "use ice grip devices", "get assistance from others", and "rely more on automobiles instead of walking"; it was possible for the respondents to report use of more than one strategy or fill in "other" strategies not listed. The questionnaire ended with one open-ended question that asked the participant to provide comments and suggestions on how to improve accessibility during the winter.
Statistical Analysis
Due to use of ordinal data, skewed data distributions, and the small sample sizes, nonparametric tests were used in this study. Differences between the three age groups with regard to perceived functional limitation, frequency of outdoor excursion, whether having problems with getting around outdoors, and using of winter coping strategies were tested by the chi-square test. Differences in frequency of outdoor excursion, whether having problems with getting around outdoors, and using of winter coping strategies between respondents who reported at least one functional limitation and those who had no limitations were also assessed by means of the chi-square test. Differences between the three conditions were tested by means of the Wilcoxon matched pairs test with regard to frequency of outdoor excursion in the three age groups and in people with or without functional limitations. All analyses were accomplished using Statistica software (version 5.5; Statsoft; Tulsa, OK). P values below 0.05 were considered significant in all tests.
RESULTS
General Information and Functional Limitations
The characteristics of the respondents are shown in Table 1 . The young age group (18-34 years) included 114 participants, the middle aged group (35-59 years) had 42 participants and the older aged group (60-85 years) included 27 participants. The age distribution of the respondents is shown in Figure 1 and income distribution is shown in Figure 2 . Of all the respondents, 47 % stated that they had at least one functional limitation (mobility, hearing or sight) that sometimes affected their ability to perform routine activities. The results showed that 77 % of the older participants had at least one functional limitation, compared to 57 % of the middle-aged and 39 % of the young participants (Table 1) . Chi-square tests found significant differences between young and middle-aged groups (p00.04) and between young and older groups (p00.002), but there was no significant difference between middleaged and older groups (p00.16). A significantly higher proportion of the female respondents (55 %) compared to male respondents (37 %) reported at least one functional limitation (chi-square test, p00.02). Among the 69 participants who further pointed out that their limitations affected their ability to perform routine activities, 43 (62 %) were most affected by mobility limitations (arm, leg, and/or back), 15 (22 %) were most affected by sight limitations and 3 (4 %) were affected by hearing limitations, and 8 (12 %) reported that other conditions (for example: height extremes or respiratory problems) affected their ability to perform routine activities the most. Despite the high proportion of respondents who reported at least one functional limitation, only 8 % (n013) of them indicated that they used assistive devices. Six respondents used canes, five used wheelchairs, one used a scooter, and one used a hearing aid.
In order to investigate to what extent the weather and surface conditions affected participants' outdoor excursion frequency, participants were asked to recall the weekly frequency of outdoor excursions in a typical autumn week, and a winter week with or without snow/ice on the ground. As shown in Table 2 , when the outdoor environment gradually deteriorated, people tended to go out less frequently regardless of their age. During a typical week in autumn (comfortable condition), 
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AGING AND THE USE OF PEDESTRIAN FACILITIES IN WINTER
86 % of respondents went out at least once per day, this rate decreased to 82 % during a winter week when there was no snow and/or ice on the ground (less comfortable condition). However, the decrease was only significant in young respondents (Wilcoxon matched pairs test, p00.001) but not in middle-aged and older respondents (Wilcoxon matched pairs test, p00.08 and p00.46, respectively). During a winter week when there was snow and/or ice on the ground (difficult condition), only 66 % of respondents went out at least once per day, which was significantly lower than in an autumn week (Wilcoxon matched pairs test, pG 0.0001) and in a winter week when there was no snow and/or ice on the ground (Wilcoxon matched pairs test, pG0.0001). The decreases of frequency of outdoor excursion when snow or ice was present were even more pronounced in the older adults, the rate dropped from 67 % in a winter week without snow/ice to 42 % in 
01).
A significantly lower proportion of respondents who reported one or more functional limitation (82 %) went out at least once per day during a typical week in autumn, compared to 94 % of those who did not report any functional limitation (chi-square test, p00.01). During a winter week when there was no snow and/or ice on the ground, 78 % of respondents who reported one or more functional limitation went out at least once per day and this rate decreased significantly to 67 % during a winter week when there was snow and/or ice on the ground. For respondents who reported no functional limitations, 89 % of them went out at least once per day during a winter week when there was no snow and/or ice on the ground, and this rate dropped to 72 % when snow or ice was present. The difference in the frequency of outdoor excursions between these two groups was not significant during winter weeks with or without snow/ice on the ground (chi-square test, p00.07 and 0.48, respectively).
Experiences While Getting Around Outdoors in the Winter
All 183 respondents commented on whether they had problems moving around outdoors in the winter. Of all the respondents, 27 % stated that they had problems moving around outdoors in the winter. The results showed that 56 % of the older participants had problems, compared to 36 % of the middle aged and 17 % of the young participants (Table 1) . Chi-square tests found significant differences between young and middle-aged groups (p00.01) and between young and older groups (pG 0.0001), but there was no significant difference between middle-aged and older groups (p00.10). Among the respondents who had functional limitations, a significantly higher proportion (32 %) indicated that they had problems moving around outdoors in the winter, compared to 18 % of those who did not report a functional limitation (chi-square test, p00.04). Figure 3 illustrates the outdoor locations that were of greatest concern to respondents across the three age groups. In total, 47 % of respondents chose the sidewalk as their greatest concern, while 24 % chose the street crossing and 8 % chose the curb ramp. Other locations mentioned by the respondents included stairs, bus stops, building or transit entrances, and driveways. There was no significant difference across the three age groups or between respondents with or without functional limitation.
Since the locations that concerned the respondents the most were sidewalks, street crossings, and curb ramps, the problems that were experienced by all respondents at these three locations were further analyzed. Of the 179 respondents who completed the question on sidewalks, four young participants and one older participant reported that they had never experienced any problems using sidewalks during the winter. Of the 182 respondents who completed the question on street crossings, one young participant and one older participant reported that they did not use street crossings in the winter and nine young participants, one middle aged and one older participant reported that they had never experienced any problems using street crossings during the winter. Of the 183 respondents who completed the question on curb ramps, five young participants and one middle-aged participant reported that they did not use curb ramps in the winter and eight young participants, one middle aged and two older participants reported that they had never experienced any problems using curb ramps during the winter. The results (Table 3) showed that the problems with sidewalks most frequently experienced by all respondents were icy surfaces (81 %), snow bank (70 %), and snowy/slushy surfaces (69 %). At street crossing, the problems most frequently experienced by all respondents were snowy/ slushy surfaces (71 %), snow banks (68 %), and puddles (63 %). At curb ramps, the problems most frequently experienced by all respondents were snowy/slushy surfaces (65 %), puddles (64 %), and snow banks (58 %). Other problems cited by the respondents at these three locations included walking on metal manhole covers in the sidewalk, high snow banks obstructing pedestrians and drivers from seeing each other, and difficulties in distinguishing the curb ramp from the sidewalk. There was no significant difference across three age groups or between respondents with or without functional limitations. Winter Coping Strategies Chi-square tests showed that there were significant differences between young, middle-aged, and older respondents in relation to winter coping strategies. Of the older group, the strategies reported most often were "be more careful" (78 %), "go out less" (59 %), and "rely more on automobiles instead of walking" (44 %) as shown in Figure 4 . Among young and middle-aged respondents, the strategies reported most often were "be more careful" (88 and79%, respectively), "go out less" (33 and 43 %, respectively), and "avoiding the area/location" (34 and 29 %, respectively). A significantly higher proportion of older respondents relied more on automobiles (44 %), compared to young respondents (16 %; chi-square test, p0 0.001). Besides the provided options, 17 respondents stated other strategies such as "use a gym for exercise rather than my usual outdoor walk" or "walk on the street instead of the sidewalk". The difference between respondents with and without functional limitations in relation to winter coping strategies was not significant. Eighty-three participants responded to the open-ended question with suggestions for solutions to outdoor accessibility in the winter. A range of general suggestions included: better snow and ice removal on sidewalks, engineer away the puddles at the bottom of curb ramps, use a slip-resistant surface on stairs, keep bus stops free of snow banks, and color the sidewalk so as to make "hidden" ice visible.
DISCUSSION
This explorative study showed that cold temperature itself had little impact on the frequency of outdoor excursions in the middle-aged and older respondents. However, the presence of snow and/or ice on the ground noticeably kept people, especially older adults at home. The older pedestrians went out less when there was snow and ice on the ground, more older adults and people with functional limitations had problems moving around outdoors in the winter, and a significantly 
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higher proportion of older respondents relied more on automobiles in the winter. The respondents generally were more concerned with icy surfaces at sidewalks, while at street crossings and curb ramps they were more concerned with snowy/ slushy surfaces and puddles. Street crossings, sidewalks, curb ramps, and bus stops are key elements of a community infrastructure that support safety, security, mobility, activity, and engagement in public life. They play an important role in the development of livable communities by creating walkable neighborhoods and an accessible public realm. Considerable information has been available on accessible design of these pedestrian facilities since the Americans with Disabilities Act (ADA) was signed into law in 1990, [26] [27] [28] but there is no systematic research on how they can be designed to remain usable in all weather conditions. Our results suggest that snow and ice dramatically changes the accessibility of these pedestrian facilities. Future studies are needed to confirm our findings and more fully understand how weather impacts accessibility as well as how to improve winter accessibility.
We found that respondents went out less in the winter. These findings are consistent with results from other studies. [29] [30] [31] [32] Tucker and Gilliland 32 noted that precipitation, cold weather, and wind were the deterring factors to physical activity in many parts of Canada and the northern USA. However, despite associations between leisure activity and seasonality, weather has generally not been found to be a barrier to physical activity when controlling for other potential confounders. King et al. 33 found that weather was not reported to be a strong personal barrier to physical activity, and consequently was not independently associated with physical activity among a sample of US adult women (40 years of age or older). One possible explanation for the weak association between cold weather and outdoor activities among middle-aged and older adults might be that slippery surface conditions (covered by snow, slush, or ice) presented a bigger barrier than cold temperatures alone. Our study added to the results of the few existing studies on frequency of winter outdoor activities by providing more information about specific outdoor hazards. Icy sidewalk surfaces, and puddles and slush at curb ramps were the most frequently named barriers and concerned the pedestrians the most in the winter. Furthermore, the results showed that there were no significant differences between age groups and between people with or without functional limitations on overall perception of concerned location and the number of problems at each of the three locations (sidewalk, street crossing and curb ramp) in the winter. These findings suggest that winter weather and surface conditions greatly exacerbate the barriers in the pedestrian environment to the extent that even people without any functional limitations are sharing the same concerns as those who have functional limitations.
Streets, roads, and sidewalks are most often used by older adults for leisure time physical activity, 34, 35 but our results suggest that walking on sidewalks or roads in the winter may be dangerous because of icy surfaces, snow banks, and other hazards. As found in this study, icy surfaces were the number one concern on sidewalks, whereas puddles and slushy/snowy surfaces were the top concerns at curb ramps and street crossings (Table 3) . Street crossings are important elements that connect sidewalks and streets. Curb ramps are essential components of the sidewalk network because they provide accessibility to wheelchairs, baby strollers, and other mobility aids at intersections and other areas where the sidewalk is elevated by a curb. The curb ramp was designed in Berkeley, California and is the current standard of accessibility. While the current design of curb ramp is successful in temperate climates such as California, it is especially ineffective in locations with cold winters because the curb ramp pools with rain, snow, and ice, often making it hazardous and inaccessible to nearly all users. The ADA has guidelines for maintaining the accessibility of sidewalks. All sidewalks and curb ramps must be clear of snow allowing at least the legal minimum width for travel. Our previous study audited the extent to which barriers resulting from winter precipitation form at curb cuts in downtown Toronto and found that 44 % of all the curb ramps had puddles covering more than one half the width of the pedestrian crossing. 36 Ryser and Halseth suggested that care should be taken to modify curb details where snow and ice are prone to gather. 15 Of 32 % of the respondents (n057) who chose the street crossing or curb ramps as their greatest concern, the majority of them (77 %) commented on how puddles of snow/ice/slush formed at the bottom of the curb ramps and made it very difficult to cross the street. One participant commented that "curb cuts are absolutely awful in the winter. There are usually huge snow banks to climb over and then no drainage of melting snow on the street side so that when you jump across, you usually land in an impossibly large puddle. This is all while paying attention to turning vehicles and trying to cross the street while the light is still green. Safety is a huge concern." Another participant commented that "curb cuts are usually flooded with water/slush. I need to step over/around the puddles to make it onto the street." It is the combination of the gutters along the sides of the road used to drain water to catch basins and the slope of the curb ramp that creates a reservoir effect collecting and trapping precipitation directly in the paths of pedestrians attempting to cross the road.
The current design of curb ramps causes many street crossings in the Toronto area to have poor accessibility throughout the winter months (Figure 5b and c) . This is illustrated well in Figure 5c which shows an image taken after the sun melted all the snow at one intersection. The only place where pedestrians cannot access the crosswalk is at the curb ramp. After observing snow and ice removal at the intersection and interviewing the District Superintendent in charge of managing snow removal in the Toronto area, it was clear that improving winter pedestrian conditions is not simply a matter of sending more plows out on the roads. It was observed that under rainy and light snow conditions, the puddles at the bottom of curb ramps remained for long periods of time even when the sidewalks were free of snow and ice. Although there are different types of curb ramps and it is required that curb ramps be adequately drained, 28 to our best knowledge, no alternative designs of curb ramp have been developed to successfully address the issue of the accumulation of water/snow/slush/ice at the bottom of the ramp. Given the extreme weather conditions associated with Canada's winter climate, pedestrian safety concerns require civil engineers and urban planners not only to address the need for prompt and efficient snow and ice removal from sidewalks, but also to promote the need for alternative designs of street crossings and curb ramps that Compared to previous studies, 37, 38 the present study included a higher proportion of participants with functional limitations (47 %, Table 1 ). It was not our intention to determine the proportion of the general population who has specific opinions on mobility difficulties created by winter weather. Our goal was to identify the relative importance and frequency assigned to different issues by a population that includes a high proportion of people with mobility limitations.
Additional perceived problems revealed in the survey responses included "highways" (a nonpedestrian location) mentioned by one participant, as well as metal plates in the sidewalk, drivers not paying attention to pedestrians, indistinguishable curb ramps, and a lack of railings for outdoor stairs. Participants also elaborated on some of the winter coping strategies that were provided and two participants mentioned that they would use the road instead of the sidewalk. Additional perceived problems specific to each location should be added to the next round of questionnaires and it is recommended that such revisions to our questionnaire be included in future studies.
Study limitations include the cross-sectional nature of the design and the selfreport of functional limitation. Another limitation of this study is that data about a respondent's education level was not collected. People with lower incomes or lower education levels, are less likely to participate in surveys and those in the lowest educational category tend to be underrepresented. 39 Therefore, other methods need to be developed in the future to increase the participation of underrepresented groups, such as focus group or observational methods. Additionally, our findings are limited by a low response rate and relatively small, predominantly female (66 %) and young (62 %) sample. We designed our study (hybrid sampling method and offering a lottery incentive) to maximize the yield of responses within a limited time frame. We also used statistical comparisons that account for the small sample size. However, future studies with larger samples of older adults who have mobility limitations are needed to confirm our current results and more fully understand how weather impacts accessibility. Another study limitation is that environmental exposure was considered only in terms of outdoor excursion frequency, use of the nine outdoor locations in the winter and any problems experienced at the locations, as real-time data on actual behavior and activities is not possible to gather by means of a survey questionnaire. Accordingly, future iterations of tools for assessing outdoor facilities could take advantage of technologies such as GPS devices to track location in space and time combined with local meteorological information to collect data regarding the complex interrelationship between environmental exposure, perception and activities as well as the impact of weather on mobility and accessibility.
CONCLUSIONS
The present study emphasized the need to plan for multiseason pedestrian environments. The data from the survey illustrated that the key elements that decreased winter accessibility were icy surfaces on the sidewalk and slush/puddles at street crossings and curb ramps. The results of this study shed some light on the effect of winter weather and surface conditions on the perception of winter accessibility, showing that cold temperatures alone had little impact on the frequency of outdoor excursions among middle-aged and older adults while the presence of snow and/or ice on the ground noticeably kept people, especially older adults, at home. On the other hand, winter weather and surface conditions greatly exacerbate the barriers in the pedestrian environment to the extent that people without any functional limitations are sharing the same concerns as those who have functional limitations. Given the extreme weather conditions associated with Canada's winter climate, pedestrian safety concerns require civil engineers and urban planners not only to address the need for prompt and efficient snow and ice removal from sidewalks, but also to promote the need for alternative designs of street crossing and curb ramp that take into account winter conditions and evaluate the effectiveness of such environmental improvements. It should be acknowledged that only a limited number of comparable studies on winter accessibility have been reported to date. Thus, while our results must be regarded as preliminary, they also indicate that our questionnaire has the potential, to be further developed into an outdoor assessment tool, for revealing and prioritizing the needs of users.
